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INTRODUCTION
Purpose of investigation
This investigation is concerned with the carbonate and non-
earbonate mineralogy of the Grenola limestone formation in the
Manhattan, Kansas, area. It also is hoped tnle investigation
may give some Indication of the effect of weathering on tne clay
mineralogy of limestones* Major emphasis was placed upon the
Neva limestone member of the Grenola formation.
An investigation of this type has several aspects, two of
which are of major importance. First, it is important from a
geologic standpoint. A study of the minerals present may reveal
Information about origin and geologic history of the unit. Second,
it is important from an economic point of view in engineering
geology. The usability of a rook unit is determined by its min-
eralogy, texture, and structure. The clay mineralogy of the unit
is essential when ascertaining the purpose for which the rock is
to be used.
Area of Investigation
lock samples were taken from the units of tne lower Permian
Grenola limestone formation in the Manhattan, Kansas, area.
Three of the sample locations were in Riley County, and tne other
in Pottawatomie County (plate I). At locations A and B the com-
plete Grenola formation was sampled, plus one sample from the
basal portion of tne overlying fiskridge shale, and one sample frcsi
PLATE I
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the upper portion of the underlying fioca shale (Plate II).
The samples from locations A and B were slightly weathered*
Samples collected at location C included the strati graphic se-
ction froui the lower Eskridge shale to the upper unit of the Burr
limestone* The samples at location C were collected from the
recently excavated spillway section at Tuttle creek Dam. The
overburden removed from above the Heva limestone was approximately
100 feet, thus those samples should be relatively unweathered.
Samples from location D included one sample from the lower Eskridge
shale, and the complete Neva limestone member. These samples
were extremely weathered.
REVIEW OF THK LITERATURE
Limestone
The term limestone to the lime manufacturer is applied to
that class of rooks wnioh contains at least 80 per cent calcium
or magnesium carbonate, and gives a product that slakes upon the
addition of water (Petti John, 1957. PP» 381). The term lime-
stone is generally applied to rocks in whioh the carbonate
fraction exceeds the non-carbonate fraction. If shaly con-
stituents exceed the carbonate constituents, then the rook is
termed a calcarious shale. Likewise, if arenaceous constituents
exceed calcareous constituents, then the rook is termed a cal-
careous sandstone.
Limestones have a chemical composition primarily of oaloite,
EXPLANATION OF PLATE II
Generalized stratigraphic section thowing location of samples.
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hence the content of CaO and CC2 is extremely high# MgO is
commonly found in limestones. If it exceeds 1 or 2 per cent,
dolomite may be present in the rock*
A classification of limestones according to mode of origin
has teen proposed by J, H. Johnson (1951) and Twenhofel (1950,
pp. 356 )• The classes are (1) organic limestones, (2), inorganic
limestones, and (3) mechanical limestones. Probably the best
classification of lirae stones has been proposed by pettijohn
(1957. PP» 382), based on genetic relationships. Limestones are
a polygenetic groun of rocks, and as indicated in Plate II, Fig. 1,
may be fragaental or detrital, and in other instances may be
chemical or biochemical precipitates which have grown in place*
Shale
Shale is essentially silt or clay that has been oonverted
into rock. It is usually high in clay mineral constituents, and
is termed an argillaceous rock* Plssility is a common char-
acteristic of shale which causes the rook to split into flat,
shell-like fragments which parallel the bedding. This parallel
splitting is determined by the more or less parallel arrangement
that the flaky minerals assumed during sedimentation, or de-
veloped subsequently.
Shales are the most abundant of all the common sediments,
forming about one-half of the geologio column (Petti John, 1957,
pp. 340)* Although the shales are abundant they do not make
EXPLANATION OF PLATE III
Fig. 1. Genetic classification of limestones (After Pettijohn,
1957, PP. 362).
Fig* 2. Developed compositional tetrahedron snowing nomen-
clature of mixtures of clay and nonolastie materials.
(After pettijohn, 1957. PP. 361).
11
C Dis
V_2l
PLATE HE
solved Carbonate
the Hydrosphere
~)
o
o
G El
SZ 1
3
5
o
o
CD
° o
Endogenetic or
AUTOCHTHONOUS
LIMESTONE
Tufo, coquina, cholk
klintite, etc.
\
fe
Exogenetic or Epigenetic or
ALLOCHTHONOUS V1ETAS0MATIC
LIMESTONE
Colcarenite, calci-
dia- LIMESTONE
Dolomite, etc.genesis
lutite, etc
FIG. I
Clay
Coicoreous
Shole
/
Marlslone
Cole de X'
X
Sidenie x"'
ClOy
Ironstonp
CLAY
CLAY
Z
Organic
Pb)cellaniie
s
Mo"e,
Silico Y'
Y
Siiicotes Y"
(iron bearing)
Clay
12
prominent outcrops at do the more resistant limestones and
sandstones*
The component particles of shale are too small to be de-
termined by the eye, lens, or even the microscope in most cases*
X-ray and chemical analysis indicate shale to be made up mostly
of clay minerals, relict minerals, and authigenio constituents.
Chemical analysis indicates that shales are high in aluminum
content relative to lime and alkalies*
Shales are probably best classified according to their
origin* Under such a heading they can be classified as residual
or transported (Pettijohn, 1957* PP. 355). If the shale was
formed as the product of weathering in position they are termed
residual. The characteristic of residual deposits is dependent
upon climate, drainage, and parent rook material. The constit-
uents of transported shales are derived from three sources:
(1) the produot of abrasion, (2) the end product of weathering,
and (3) chemioal and biochemical additions (Petti John, 1957.
PP. 357).
Petti John (1957, PP* 361) shows the nomenclature of mix-
tures of clay and nonclastic materials by a developed tetrahedron
(Plate III, Pig. 2). These mixtures have been termed by Petti-
John as "hybrid rocks". If the shale is rich in quarts it is
termed an arenaceous shale, and it rich in lime it is termed a
calcareous shale or marl*
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Clay Mineralogy
The term clay may be used as a rooic term, and also as a
description of particle size. To the geologist clay size par-
ticles are less than k microns in diameter, and to the soil
investigator the upper limit is 2 microns. According to Grim
(1953, PP. 1) olay implies a natural, earthy, fine grained
material which developes plasticity when mixed witn a limited
amount of water. The chemical compcnents of clays are essentially
silica, alumina, water, and generally some iron, alkalies and
alkaline earth.
Prior to about 1920 there were two general sohools of
thought concerning clay composition. The first concept was that
all clay minerals were derived from the mineral kaolinite.
This idea was held beoause kaolinite was the only clay mineral
which had particles large enough for identification under the
microscope. According to this concept the difference in com-
position between kaolinite and other clay minerals was due to
impurities.
The second early school of thought concerning clay minerals
was that they were amorphous colloidal complexes. This concept
was held because clays were similiar to other truly amorphous
materials with which the colloidal chemist was familiar.
Some investigators prior to 1920 believed that all clays
were not amorphous colloidal complexes. The most notable of
tbe believers in this concept was Defrency in 1656, Le chateller
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in 1887, and Lowenstein in 1909. Views of this sort, for the
most part, were not based on observation of the clay minerals,
but on their properities which could be easily classified*
The crystallinity of clay minerals was not well established
until about 1923 and 1924 when Hadding and Rlnne respectively
published the first X-ray diffraction analysis of clay minerals*
Both investigators, working independently, found crystalline
material in the finest fraction in a aeries cf clays* They
also found that all the samples studied seemed to be composed
of particles of the same group of minerals*
Hess and his colleagues of the U. S. Geological Survey
published a series of papers on the composition of clays about
1924. They first worked with bentonites, but later extended
their studies to other clays used in industry* The study was
based on careful optical work with the petrograpnio microscope,
supplemented by excellent cner.ical data. The workers concluded
that the components of clay materials were largely crystalline,
and that there was a limited number of crystalline components.
Later Ross and his colleagues added X-ray analysis to tneir
investigation* X-ray analysis in general substantiated their
earlier findings. By the early 1930' s the clay mineral concept
was well established* Since that date, workers have approached
the etudy of clay mineralogy from many different fields
—
mineralogy, geology, chemistry, physios, agronomy, etc. Work
has also been done on applied clay mineralogy by ceramists.
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engineers, etc, in universities, commercial end other labor-
atories.
Insoluble Residues
Insoluble residue, as used in this study, is a term used
to describe the material waich remained after fragments of
limestone and dolomite had been dissolved in chemically pure
hydrochloric acid. The insoluble residue of a calcareous rock
may be further classified as fine residue and coarse residue.
The coarse residue consists of those particles of the total
residue which are larger than clay size.
Most of the correlative work has been done with the coarse
residue fraction (Drake, 1951, Pp. k)» Relatively little work
has been done with the fine residue fraction.
A classification of calcareous well cuttings was suggested
by Claypool and Howard (1928, pp. 11V7-H52), which was based
on the calelte, dolomite, magnesium content* The sample was
ground so as to pass through an 80 mesh eeive, and the livnt,
medium, and heavy fractions were then separated by centrifuging
in Thoulet'a solutions of varied densities. The fractions were
then treated with hydrochloric and nitric acids. Calcite was
dissolved from the lipht fraction, dolomite froir the medium,
and magnesium from the heavy fraction.
McQueen (1931, PP. 102-131), of the Missouri Geological
rurvey, formulated a method of sample preparation, terminology,
and application of insoluble residues to correlation of
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calcareous rocks. Ha dissolved samples of well cuttings In
dilute hydrochloric acid, decanted fine residues, and examined
the coarse residues for diagnostic minerals.
Schoewe, et al., (1937, PP» 269-281) aade a study of
insoluble residues of some lower Pennsylvania^ limestones in
Kansas. They found that insoluble residues are diagnostic not
only of formations, but also of members within the formation.
Drake (1951, pp. 97) made an insoluble residue analysis of
ome lower Permian and upper Pennsylvanian limestones in Riley,
Pottawatomie, Geary, and Wabaunsee counties in Kansas. He con-
cluded that no. single diagnostic residue is present in either
system of rocks whioh were examined. Drake (1951, PP« 97)
stated;
The percentage volumes and weight volumes and
weights of the total fine and coarse residue of each
limestone vary from place to place. The colors of the
fine residues of limestones in both systems were similiar.
It Is apparent that insoluble residues cannot replace
lithologlc analysis as tae principal basis of stratigraptiic
correlation, acoording to Drake.
Insoluble residues were prepared in this investigation
to attempt to establish a correlation oetween the weignt of
the insoluble residue, and the clay mineralogy of the lime-
stones whlcb were examined.
FIELD PROCEDURE
The first step in the field investigation was to measure
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the stratieraphio section from which the samples were to be
taken. This measurement was recorded in a field book, and a
generalized stratigraphic seotlon was drawn of each zone of the
section. When the samples were collected, the point on the
section from which the sample came was marked in the field boo*.
A description of eaoh sample was also recorded in the field
book as they were collected.
The sample collecting method was of the spot type. The
samples, in eaoh case, were collected in three-pint cartons,
and the strati graphic location was recorded by a number on the
box,
LABORATORY PROCEDURE
preparation of Samples For X-ray Analysis
Separation of Clay Site Fraction From Limestone and Shale
Samples . Each limestone was crushed in a Jaw crusher and the
size reduced to about 0.5 centimeter in diameter. Tae Jaw
crusher was rubbed clean with a dry cloth between eacn crushing
to prevent contamination of other samples. The limestones were
then further crushed with a mortar and pestle. Two aunared
grains of the crushed limestone was sieved through a u. S. fr200
Kiesh sieve (7I4. microns) to be used in farther Investigation,
The remaining lime e tone was plaoed back in tfce three-pint con-
tainer, some of whioh was used for insoluble residue analysis.
Each raw shale sample was placed in a 600 milliliter beaker
with 14.00 milliliters of distilled water, ana allowed to stand
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2k hours for slaking. One hundred fifty
grams of eaon untreated
shale was used in tnis procedure.
Ten milliliters of sodium hexametaphosphate (37 grams
Calgon,
7 grams sodium carbonate, 1 liter water) was
added to prepared
shales, and 20 milliliters was added to prepared limestones
as
a dispersing agent. The shale and limestone samples were
tnen
transferred to a Waring blender or malted milk type mixing cup.
The mixer was filled to within one inch of the top with
distilled
water. The shales were mixed for 15 minutes, and the limestones
were mixed for 30 minutes.
After agitation the sample was transferred to a sedimen-
tation cylinder, and enougn distilled water was added to make
a total volume of 1000 milliliters. The tubes were placed
in
a constant temperature bath at 20 degrees oentl grade, and
were
allowed to stand for 36 hours. Twelve hours was allowed for
each 10 oentimetore of settling distance. After 36 hours tne
upper 30 centimeters was decanted frois each sedimentation
cylinder into a glass Jug.
The clay suspension which was drawn off into tne Jugs was
mixed thoroughly. A 150 milliliter aliquot was taken from each
Jup for use in making oriented slides for X-ray
diffraction
analysis.
preparing Oriented Slides , oriented slides of clay size
particles were made by placing a small air.ount of suspended
material from the aliquot on a microscope slide with an eye
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dropper. Upon drying, tne basal surfaces of tae clay minerals
were oriented parallel to tne surface or tne slide* Tnis or-
ientation will give basal reflections in X-ray diffraction analysis.
X-ray Diffraction Analysis . Tne oriented slide of clay
minerals and non-clay minerals in the clay size range was placed
on the slide holder of the North American Phillips X-ray Diff-
ractoreter. The slide was then exposed to nickel filtered
eopper radiation, utilising 20 milliards. I4.O kllovolts; with a
one degree slit opening; tlir.e constant of kl *nd * rate scale
factor which was generally kept at 8. On eotr,e of tne limestone
slides where the reflections wore very weak a scale factor of
ll was used to Intensify the site of the reflections. Tne or-
iented slides were X-rayed from 32 degrees to ons degree two
theta.
After the oriented slide had been examined throu; :i 32 degrees
two theta, it was treated with ethylene glycol, and X-rayed
through 15 degrees two taeta. Tne use of organic oomplexes suoh
as ethylene glycol expands tne o-dimension of mont^orillonite
and provides a sharp (CC1) reflection from about 15*0 to 17 .7
am stress. Treatment with ethylene glycol permits the detection
of montmorlllonite and otner minerals which may be n.asxed by
ttontmorlllonite; e.g. onlorlte and vermieulite.
All the oriented slides were heated to 450 degrees centi-
grade if peaks other than 10 angstrom illlte peaks remained
after pi eolation. This was to deteot the presence of poorly
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crystalline chlorite and/or montmorillonite; the diffraction
lines of poorly crystalline chlorite and montmorillonite dis-
appear at this temperature. If any reflections remained except
the 10 angstrom illite reflection on the slides heated to 450
degrees centigrade, the same slide was reheated to 600 degrees
centigrade. This final heating will destroy the lattice of
kaolinite. The peaks which remain after this final heating
probably represent well crystalline chlorite and illite. It
is possible, however, for ohlorite, which is somewhat de grated,
to show the presence of a 11+ angstrom reflection after heating
to k$0 degrees centigrade, with the reflection disappearing
after heating to 600 degrees centigrade.
The angular spaoings, whioh were reoorded directly on the
strip chart of the X-ray diffraotometer in degrees two theta,
were converted to d-spaolngs. This conversion was made by
using the "Table for Conversion of X-ray Diffraction Angles to
Interplanar Spacing" (Swanson, 1950). The d-spacings were com-
pared with the theoretical and measured d-spacings of minerals
that might be found in the clay size range.
Random oriented slides of the limestone zones were x-rayed
to obtain oalcite-dolomite ratio, and trie relative amount of
quarts present. These slides were prepared by crushing about
5 grams of sample, and passing it through a U. £• yf?6 *iov«
(53 microns). The material obtained was then placed on a slide
especially constructed to holo the powder. The "powder slide"
was placed in the slide holder of the North American Phillips
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X-ray Dlffractometer, and were X-rayed from 33 degrees to 26
degrees two theta, and from 21 degree* to 20 degree* two tneta.
Insoluble Residues
Insoluble residues were analyzed on the Neva limestone
member in all four sample locations (Table I), and the Salem
Point shale member was included at location D. Only tne lime-
stone and dolomite zones were considered in this insoluble
residue analysis*
Some of the rock material which was not used in the X-ray
work was used for the insoluble residues. Two hundred grams of
oven dryed sample was weighed out carefully. The sample was
plaoed in a one-gallon jar, and a small amount of distilled
water was added so that tne sample would not effervesce over
the top of the Jar when the aoid was added. The jar containing
the sample was then plaoed under a hood, and chemically pure
hydrochloric acid was added gradually until all the carbonates
were di rested. During the addition of acid, it was frequently
necessary to add distilled water to prevent the solution from
effervescing over the top of the container.
After the effervescence ceased the samples were vacuum-
filtered in Buechner funnels, and washed several timei to insure
the removal of all acid.
Following the washing procedure in the Bueohner funnels,
the samples were transferred back to the oven where they were
dryed for 2k hours. At the end of tnis time, the samples were
removed from the oven and weighed. The per cent of carbonate
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was computed by taking the total weight of the sample, minus
the weight of the Insoluble residue, over the weight of sample
before treatment*
After the per cent of carbonate had been determined, trie
insoluble residues were plaoed back in distilled water and al-
lowed to stand for 12 hours. At the end of the 12 hours, the
samples were mixed by use of a magnetic mixer for 15 minutes
each* After mixing, insoluble residues were sieved through a
U. S. #11*0 sieve (105 miorons), and a U. S. #270 sieve (53 microns).
The material on each screen was washed thoroughly several times
to insure removal of all the clay*
The residue from both #ll*.0 and #270 sieves were placed in
separate pyrex dishes and oven-dryed. After drying the material
from the #124.0 sieve was taken from the oven and placed in small
paper bags for later binocular microscope analysis* The oven
dryed material from the #270 sieve was left in the oven for
later use in heavy and light mineral separation*
Heavy and Light Mineral Separation
Bromoform, with a specific gravity of 2*7 was used as a
separation medium for the heavy and light minerals* The appa-
ratus consisted of three conical funnels, pinchcocks, funnel
stand, rubber tube, and Whatman #l|2 filter paper* The funnels
were mounted on the funnel stand, one above the other, with the
upper funnel having a rubber tube and pinoheook to prevent the
loss of bromoform* The funnel on the lower braohet of the stand
*3
contained the filter paper to collect the mineral grains
from
the bromoform. Two funnels containing filter paper were
needed;
one for collecting the heavy minerals, and tne otner for
collecting
the light minerals. Brcmoforra was placed in tne upper funnel,
and a watch glass was placed over the top to prevent evaporation.
The samples were placed in the bromoform shortly after they
were taken from the oven. The purpose of heating was to re-
move absorbed moisture which might decrease the accuracy of the
heavy mineral separation. The bromoform and sample were stirred
every 15 minutes for two hours. The mixture was then allowed
to stand for two hours before filtration.
Pollowing filtration the samples were washed once with
bromoform—ethyl alcohol, and twice with ethyl alcohol. The
filter paper containing tne heavy and light minerals was tnen
clamped shut with a paper clip, and allowed to air dry.
Heavy and lifiht mineral slides were prepared using stick-
type Lakeside 70 cementing material, with a refractive index of
about 1.51*. Slides were heated by the use of a small electric
heater. When the slide became hot, one end of the stiok was
placed on the glass slide. This melted some of the Lakeside
70 cement, and when a sufficient amount was present on the
slide the sample was sprinkled on it. A cover glass was then
placed over the hot cement and sample, with care being taken to
prevent any air bubbles from remaining in the cement. After
the slides cooled, they were carefully cleaned of all excess
cement with xylol.
2h
The slides were studied by uee of a pctrographic micro-
scope. A binocular study was made on the residue wuich did
not pass through the U. S. #li|.0 mesh sieve.
X-RAY DETERKINATIOR OP CLAY MINERAL
FRACTION, CARBONATES, AND NON-CARBONATES
Clay Minerals
Method of X-ray Determination of clays . Illite was by far
the most important clay mineral in all the samples examined.
It was identified on the basis of the characteristic 10-A re-
flection, and other reflections of a 10-A periodicity wuich
remained unchanged after glycolation.
Chlorite was present in most of the samples, and was iden-
tified by a 11^-a reflection, with successive (001) reflections.
Most of the chlorite encountered in this investigation was of
the Iron rich variety, with a weak first and third order re-
flection, and strong second and fourth order reflection. The
reflections of the second and fourth order were at 7-a and 3.5-a
respectively. The second and fourth order reflections of chlorite
correspond to the first and second order reflections of kao-
linite. fleet treatment was used to distinguish between the two
minerals. Heating to k$o decrees centigrade for one-half hour
results in the disappearance of the U-A and the 7-A reflections
of chlorite if the mineral was poorly crystalline, gaolinlte
was unaffected by this temperature, if any reflections remained
•t 1U-A and/or 7-A the slide was again heated, this time to 600
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degree, centigrade for 30 minutes. Kaolinite ie
destroyed at
this temperature, and well crystalline chlorite remains
relatively
unchanged*
Montmorillonite was distinguished from chlorite by glycol
treatment. The 1U-A reflection of montmorillonite
expands out
to approximately 17-5-A upon glycolation, whereas
the ll^-A
chlorite reflection is generally unaffected by glycol
treatment,
in recent studies by Brindley (195D and Lippman (1956) swelling
chlorite has been reported. This type of chlorite is
relatively
uncommon, and was not found in any of the samples
studied in
this investigation.
Some mixed-layer clays were found in nearly all the samples
examined. The mixed-layer clays gave reflections wnich were
averages of the component clay minerals. Mixed-layer days are
of two types; tne regular mixed layer, and the random mixed
layer. Regular mixed-layer clays were distinguished from randos
mixed-layer clays by determining if the reflections from the
basal planes formed on an integral or non-Integrated series.
Regular mixed-layer clays fall in the first class, while random
mixed-layer clays fall in the latter class. Both types were
encountered in this investigation,
Illite-montmorillonite was reoognized as a random inter-
layer whioh could be distinguished easily tefore glyoolation
by the change in symmetry on the low angle side of tne 10-A
illite reflection. This interlayer clay could also be dis-
tinguished by the unsymmetrical shape of the high angle side of
26
the 3.5-A illite reflection. After glycolation the montmor-
illonlte expanded and the sysmetry of the illlte peaks was
restored*
Chlorite-montsnorillonite was the only regular Interlayer
which was found. Two different forme of ehlorite-montciorlllonlte
interlayer was distinguished. The first type gave reflections
with the same perlodiolty as the chlorite reflections in the
unglycolated sample. Upon glycolation the ll».-A reflection
shifted to approximately 16-A, and the 7-A reflection was
shifted to approximately 7«7-A. The second type of regular
interlayer chloriteHnontmorlllonite contained the so-called
super-lattice structure. The glyeolated sample gave reflections
in the following Integrated series: 31«5-A, 15«7-A, 10,1-A,
7.7-A, 6.3-A, and 5.15-A.
Lower Eskrld^e shale . X-ray analysis indicated illite to
be the major clay constituent of the lower Eskridge shale. Some
chlorite and cnlorite-montp:orillonite interlayer was found in
all the ear. pies whicn were examined. All the culorite was iron
rich, poorly crystalline except the sample from location D wnion
contained iron free, well crystalline caLorite. Illite-.T.ont-
raorillonite Interlayer clay was found in the samples from locations
/ and B. However, the mineral was not found at tue other locations.
Free montraorillonite was found in the snale oollected at Tuttle
Creek Dais (location C), but was not found in samples from tue
ctrier locations. A summary of tae clay minerals found in this
formation Is sftown in Table 1.
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The samples fro* location* A and B were moderately weathered
while the shale from C and D locations were fresh samples. The
major difference between the weathered and unweathered samples
wae that the two moderately weathered samples contained illite-
montmorillonite interlayer, while in the unweathered samples tae
interlayer day was absent. Also of significance is the fact
that free montmorillonite was found in the unweathered sample
only. This fact may indicate that montmorillonite alters to
chlorite or illite on weatnerlng. This sequence of alteration
would be in reverse to that suggested by most authors.
Heva Limestone . The Neva limestone was analysed by X-ray
diffraotlon in four localities with Id samples collected at each
location. The samples at locations A and B were moderately
weathered, looation C samples were generally unweatnered, and
location D samples were severely weathered.
Illite was found to be the most abundant clay mineral in
all the shales and limestones of the Neva. A summary of the
minerals found is given in Table 1.
Some chlorite was found in nearly all the samples. Most
of the chlorite was of the iron rich, poorly crystalline variety.
There was, however, iron free and well crystalline chlorite pre-
sent. For the most part the unweathered sample showed better
chlorite crystal structure than did the weathered samples. The
ohlorite at location C and at some areas of locations A and B was
well crystalline enough to withstand heating to 1+50 degrees centi-
grade, but not crystalline enough to withstand the 600 degree
40
centigrade temperature. Most of the ohlorite in tne severely
weathered samples from location D was destroyed upon heating to
kSO degrees centigrade.
Free montmorillonite was found in scattered samples from
the top of the Neva to the base. The most abundant montmorillonite
was found in zones 11 and 12 (Plate II). This sons has been
termed by Jewett (19ip., pp. 5k) and others as having a "honeycomb'*
appearance. It was found that the carbonate minerals of the
"honeycomb" zone were predominately dolomite. Within this zone
at locations A, B, and D was a "day coating" material which was
predominately montmorillonite. A similiar zone in the "honeycomb"
zone at location c has been termed by the author as a "clay seam"
zone. This "clay seam" was largely illite.
The interlayer clays were found in most of the samples ex-
amined. Two types of interlayers were found; illite-montmorillonite
and chlorite-montmorillonite. Chlorite
-montmorillonite was the
most abundant of the two types.
The X-ray diffraction patterns indicated that there was less
tv montmorillonite, and less montmorillonite in the mixed-layer
clays in the weathered samples at location D, as compared to the
unweathered samples at location C.
Salem Point Shale
. Twelve samples of the salen Point shale
were oollected from three locations; A, B, and c. The samples
oollected at locations A and B were moderately weathered, and the
sample from location C was relatively unweathered.
Like the Neva, the Salem Point was found to have illite as
hi
its major clay constituent. Chlorite was found in all tne sam-
ples except 29-C (dolomite). There was about an equal amount of
iron rich and iron tree chlorite. Most of tiie iron free chlorite
in this formation was well crystalline, while the iron rich chlo-
rite was mostly poorly orystalline,
Pree montmorillonite was not found in the salem point shale
in any samples examined.
The interlayer clays were similiar to those found in the
Neva, except for super-lattice clays which were found in four
samples. The i 111 te-montmorillonite was trie only random inter-
layer found. It seems to be somewhat less abundant in the Salem
Point as compared to the Neva,
There was more chlorite-montmorillonite regular interlayer
clay in the salem Point than in the Neva. Super-lattice struc-
tures of chlorite-montmorillonite were found in samples 21-B (dol-
omite), 28-c (shale), 29-C (dolomite), and 30-C (shale). The
siper-lattiee clays which were found did not correlate from one
location to another. These were found in three unweathered sam-
ples, and in one sample which was only silently weathered. This
may indicate that the super-lattice tends to be altered to reg-
ular chlorite-montmorillonite when subjected to weathering. A
•unmary of the clay minerals present in the Salem Point shale is
snown in Table 1,
Burr Limestone
. Five sample s of the Burr limestone were
oolleoted at both the A and B locations. The samples from both
localities were moderately weathered.
The major clay mineral of the Burr limestone, like tne Neva
and the Salem Point, was illite.
Chlorite waa the second most abundant clay mineral found.
Of the ten samples which were analysed, six contained iron rich,
poorly crystalline chlorite. Some of the samples from location B
contained iron free, well crystalline chlorite, and some of the
iron rich, well crystalline variety.
Illite-montffiorillonite random interlayer clay was found to
be present in all the samples. In samples 32-A (limestone) and
31j.-A (shale) the Interlayer was a major constituent. The X-ray
reflections in these samples were very Intense from 10 to li^-A on
the unplycolated samples.
Chlorite -montmorillonite regular interlayer was found In all
samples of the Burr except 33-A (liir.es tone). There was less chlo-
rlte-montmorillonite interlayer in the Burr than in either the
Neva or the Salem Point.
Lecion Shale. Illite was found to be the most abundant clay
mineral in the Legion shale, and probably made up a dominate part
of the mineralogical composition of the unit.
Chlorite was found in all the samples, and was composed
mostly of the Iron free, well crystalline variety. The lowermost
sample from both locations A and B contained iron free, poorly
crystalline chlorite (Table 1).
Wontrr.orillonite was spares in the Legion shale. A small
amount was found In samples 32-B (liirestone), 33-B (limestone),
and 35-A (limestone).
U3-
The two mixed layer clays (illite-montmorillonite and chlo-
rite-montmorillonite ) w«?re found In nearly equal abundance from
top to bottom of the Legion*
Sallyards Limestone . One sample of the Fallyards was col-
lected at location A and one sample at location B. The major
clay mineral of the unit was illite. A minor amount of chlorite
was present in both samples. The chlorite from location A was
iron rich, poorly crystalline, and the chlorite from location B
contained some iron and was moderately crystalline. None of the
samples contained montmorillonite. Both regular and random inter-
layer clay was found in the samples examined. These included
illite-montmorillonite and ehlorite-mo«tmorillonite. Chlorite-
montmorillonite was more abundant than the illite montmorillonite.
Upper Roca shale . Two samples were taken from the Roca
shale; one sample was collected at location A and one at location
B. The Roca, like the members of the Grenola limestone formation,
contained illite as its major clay constituent. Chlorite was
found to be present in both samples. The chlorite in the sample
from location A was iron rich, poorly crystalline, and that from
location B was iron free with a moderate amount of orystallinity.
Both regular and random interlayer clay was present in the Boca.
There was more ohlorite-montnorillonite regular interlayer than
illite-montmorillonite random interlayer.
Carbonates
Method of X-ray Identification . Random powder slides were
Uk
X-rayed on all the limestones to obtain the relative calcite-dol-
omite ratio. Calcite was identified on the basis of its 3.03-A
reflection, and dolomite by its 2.90-A reflection. Calcite and
dolomite were the only carbonate minerals identified by X-ray
diffraction analysis.
Lower Eskrid^e Shale . The lower Eskridge shale contained a
small amount of dolomite in the carbonate fraction. No calcite
was identified in the shale. A summary of the carLonate mineralogy
identified by X-ray anal-sis is shown in Table 1.
Neva Lime r, tone
. Calcite was the major carbonate mineral in
the upper half of the Neva (Table 1). The lower half of the lime-
stone contained nearly as much dolo ite as calcite. In zones 11,
12, and llj. dolomite was more abundant than calcite.
?alem Point Shale . Dolomite was the major carbonate con-
stituent In the falem Point shale (Table 1). However, calcite
was found in nearly all the samples, and was a major carbonate
constituent in some zones within the unit.
Burr Lime 3 tone . The limestone units of the Burr were largely
calcite with a small amount of dolomite. The shale units in the
Burr showed a slight predominance of dolomite over calcite.
Legion Shale. Dolomite was slightly predominate over calcite
in the Legion shale. Both of the minerals were present In all
the samples examined.
Sallyards Limestone
. The Sallyards limestone was con posed
largely of calcite. There was a minor amount of dolomite In the
sample taken from location B. No dolomite was found in the sample
kS
from looation A*
Upper Roca Shale . Both oalcite and dolomite were present
In the samples of Roca shale taken from loeation A* Calcite, In
this sample, was predominate over dolomite. The sample from lo-
cation B had neither oalcite or dolomite.
NON-CLAY MINERALS
The only non-clay mineral which was distinguished by X-ray
diffraction analysis was quarts. The mineral was identified by
its I|..27-A reflection. Quarts was found as a minor constituent
in nearly all the samples which were examined in this investigation.
A list of the zones which contained quarts is shown in Table 1.
INSOLUBLE DON WEIGHT COMPARISON
Neva Limestone
The Insoluble residues found in the Keva limestone mercer
displayed a color range from green to gray and brown. She color
of the untreated sample ranged from buff to tan and brown. There
seemed to be little correlation between the color of the untreated
sample, and the color of the insoluble residue.
The per cent of insoluble residue ranged from 1*8 to 37.5.
The "honeycomb" sone (zone 11) contained tne smallest amount of
insoluble residue. This zone, composed essentially of dolomite,
was highly solutioned and nearly unconsolidated in so.;e places.
A comparison of the amount of insoluble residue from simillar
zones in the Neva at different localities is shown in Table 2.
M>
There seems to be a good correlation of tae per cent of insol-
uble residue from one location to anotner. There was a better
correlation of the per cent of insoluble* in the upper part of the
Neva than in the lower ;>art (Table 2),
Tn general the softer limestones contained more insoluble
residue than the hard 1.' e: tones in the samples examined,
Salem Point Shale
Insoluble residues were prepared on four dolomites and lime-
stones frorr the Falem Point snal© (Table 2), All of t;ie untreated
samples were pray to li^ht (M? in color, and the insoluble re»idue
was ?ray to dark ^ray in color. There was some correlation be-
tween the color of the untreated sarrples and the color of the in-
soluble residue.
The amount of insoluble residue ran red fror 12 to 31 per cent.
The dolomite in the upper portion of the ?ale» Point contained
more insoluble residue than the lower portion,
INSOLUBLE RESIDUE MINERAL DETERMINATION
THAN CLAYS
Heavy Minerals
Celestite, magnetite, limonite, liirionite coated grains, and
pyrite were the most abundant constituents found in the heavy
mineral fraction of the limestones from the Neva and Saler. olnt.
enite, apatite, biotlte, tourmaline, zircon, and hornblende
were present in trlnor amounts. A summary of the minerals found
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In the two units is shown in Table 3»
Celestite. Celestite (srSCfy) was identified on the following
optical properties; biaxial positive, 2V.50 degrees, birefring-
ence of .009, white to straw yellow interference color,
and an
indices of refraction greater than Lakeside 70 (1.5U). Celestite
was commonly found stained with limonite and coated with
crypto-
crystalline quartz.
The largest amount of celestite was found in the
"honeycomb"
zone. This tone showed evidence of some kind of
solutioning
which undoubtedly favored the formation of the mineral.
There
•eemed to be no correlation between the degree of subaerial
wea-
thering which the limestone was subjected to and toe amount of
celestite present in the sample
•
Magnetite . Magnetite (F^fy) was identified on the following
optical properties; blaok, opaque to transmitted li^ht
and steel
gray in reflected light. Most of the magnetite was
probably de-
tritial in origin. The amount of magnetite present was very
small
compared to the amount of celestite. The sonee where
magnetite
was found is shown in Table 3.
Limonite and Limonite Coated Grains . Limonite (FCgOynHgO)
il a hydrous iron-oxide, and is an alteration produot
of iron
bearinr minerals, accordinr to wahlstrom (1955. PP. 220) geo-
thite in cryptocrystalllne for* is the chief constituent of
limonite. Limonite was easily identified under the petrographio
microscope by its rusty red appearance under plain light.
Limonite was found in the limestone samples both as individual
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grains, and as a coating over otrier minerals. Most of tne lin.o-
nite coated trains were probably quarts and chalcedony, seme
perhaps were pyrite.
Pvrite. Pyrite (Fe?2 ) wft8 identified most easily by the
use of the binocular microscope. Most of the pyrite grains were
euhedral or subhedral in crystal outline. Under the petrograpuic
microscope pyrite is opaque in plain light, and in reflected
light a pale brass-yellow metallic luster is noted.
Pyrite was not as essential heavy mineral in the Neva lime-
stone. It was, however, a major constituent in the heavy minerals
of the Balem Po.' _j.e. Pyrite was found coating other minerals
in some of the samples.
Light Minerals
Quarts, chalcedony, volcanic ash, and opal were the major
constituents of the light mineral fraction. Other light minerals
which were found Included muscovlte, orthoclase, microcline,
gypsum, llmonite coated grains, and day coated .rains. Organic
material was found in many of the samples. Crinoid stems, bra-
chiopod spines, fragments of brachiopods, and fragments of bryosoans
were very common. Most of the fossils had been replaced by cryp-
tocrystalline quarts. A summary of the light minerals found in
the Neva limestone and Paler. Point shale is shown in Table 3.
Quartz . Quartz (Si02 ) was identified mainly on the basis
of its unixlal positive sign, and its indices of refraction which
was very near that of Lakeside 70 (1.54). Most of the quartz
S9
was probablj detrltial in origin. Quarts was a vary Important
mineral in the light mineral fraction in both the Neva limestone
and the Salem Point shale. The mineral was not found in all the
samples examined*
Chalcedony , Cnalcedony (Si02 ) was identified on the
basis
of its characteristic feathery extinction under cross nicols.
Chalcedony was slightly more abundant than quartz in tne samples
which were examined. Most of the chalcedony was probably secon-
dary in origin. Evidence of this is snown by fossils which were
replaced with tne rfneral. The fossils were probably originally
calcite.
Volcanic Ash and Opal , The isotropic constituents in the
light mineral faction included mainly opal and volcanic ash,
Some distinction between the two constituents could be assumed
by the inclusions which were found in the grains and trie shape
of the grains. It is probable that the grains wnich contained
inclusions were volcanic ash. The fact that the grains did not
contain inclusions is, however, no evidence that tne silioa was
not of volcanic origin. Some of the rains were shard shaped.
It is probable that these were volcanic asn.
Coarse Residue
The most common mineral found in the coarse residue was
chaloedony. Crinold stems, brachiopod spines, brachiopod shell
fragments, and fragments of bryozoans were oomaon as cnalcedonic
fossil fragments.
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Quarts was also common in the coarse residue. The grains
were found both as angular fragments and as rounded grains.
Rounded grains were more cordon than angular fragments. Many of
the quarts grains were frosted and pitted, giving evidence that
they were transported for some distance, or pitted by solution.
Celestite was easily distinguishable under the binocular mi-
croscope by its lirnonite stained outer surface, giving the mineral
an orange colored cast around the margins of sane of the grains.
It was found to be very abundant in the coarse residue from the
"honeycomb" cone in the Neva limestone.
Other constituents which were easily distinguishable in the
coarse residue included magnetite, hematite, ilmenite, lirnonite,
lirnonite coated grains, clay coated grains, and organic material.
Pyrite was highly abundant in the coarse residue from the salem
Point shale.
DISCUSSION OP RESULTS
Possible Effeots of Near Surface Weathering on
Rock Containing Clay Minerals and Showing
Little of No Visible Weathering
In suoh a study of the weathering effects on clay minerals
several factors must be considered: (1) Leaching of the potash
fro-, clay minerals and its possible redeposition in lower rones.
(2) Leaching of magnesium from chlorite clays and its possible
redeposition ln 20ne8 directly below. (3) The lea and re-
deposition of iron. (ij.) Leaching of potassium, magnesium, and
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iron from the clay minerals without their redeposition. (5) Com-
binations of all the previously mentioned factors.
Some evidenoe of leaohlnr and redepositlon of potassium,
magnesium, and iron may be shown by the variability of the clay
mineralogy from the same zone at different localities; e.g., the
various zones of 2 (limestone), 11 (dolomite), 12 (dolomite and
limestone), 13 (dolomite and limestone), 14 (dolomite), 15 (shale),
16 (shale), and 17 (shale), in the Neva limestone* In the clay
mineralogy there seemed to be a greater variability in the amount
of iron end the type of crystalllnity of the chlorite as ooapared
to other clay minerals; e.g., sample 16-A (shale), 16-B (shale),
16-c (shale), 16-D (shale). The leaching effeot probably tended
to have a more marked effect upon the magnesium and iron in the
bruolte sheet of chlorite than on the potassium in the lliite
lattice. It is also probable that so&e of the elements whioh were
leached out of the clay minerals were carried away by circulating
waters.
Sffect of Alteration of Clay
Minerals and Some Carbonates
Clay Minerals . Alteration effects upon the clay minerals
are many. The weathering of lliite may cause the potassium to be
leached out of the lattice, with it being replaced by water, such
as in sone 11-A (dolomite), 11-B (dolomite), and 11-c (dolomite).
The mineral may tnen become montmorlllonlte. The reverse of this
process is probably more common, since lliite was much more common
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In the rocks examined than montmorillonlte. It is probable that
the marine environment contained abundant potassium ions in the
sea water, and any montanorillonite or degraded illite which was
present was converted to illite by addition of the potassium to
the lattice. This phenomena may partially account for an abun-
dance of illite in marine sediments as a whole.
Alteration processes which acted upon the chlorite caused a
leaching out of some of the magnesium in the brucite layer of the
chlorite* Although some of the unweathered samples oontained
poorly crystalline chlorite, the orystallinlty of the mineral was
generally better in sediments which were not subjected to sub-
aerial weathering. A good example of tnis phenomena is shown in
24-A (dolomite), 2I4.-B (dolomite), 2I4.-C (dolomite), 25-A (shale),
25-B (shale), 25-C (shale), 26-A (shaly limestone), 26-B (shaly
dolomite), and 26-C (limy dolomite). In all of the above cited
examples, the chlorite from locations A and B was iron rich,
poorly crystalline, and the samples from location c contained
iron free, well crystalline chlorite. The A and B samples were
slightly weathered, while the samples from C were relatively un-
weathered.
Some evidence which substantiates the phenomena of alteration
of clays by leaching may be shown by the ion exchange experiments
which were performed in the laboratory. In the experiments the
montmorillonite fran zone 11-D (clay coating) and the limestone
from 10-A (limestone) was saturated with potassium hydroxide and
magnesium chloride respectively. The montmorillonite from zone
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11-D (clay ooating) showed some reversion back to illlte and the
poorly crystalline chlorite in sone 11-A (limestone) showed rever-
sion to well crystalline chlorite (Table 1). The potassium ev-
idently replaced some of the water in the montmorillonite lattioe
snd formed illite. The magnesium in the magnesium chlorite prob-
ably filled some of the openings in the mica sheet and brucite
sheet of chlorite where magnesium had been prior to leaehinga.
The ssturation with magnesium increased the crystallinity of the
chlorite structure.
Rocks containing dolomite generally contained a sizable
amount of chlorite; e.g., aones 9-D (shale), 11-C (dolomite),
12-B (dolomite), 13-A (dolomite), 13-B (dolomite), li*-A (dolomite),
ll*-B (dolomite), 1U-C (dolomite), ll*-D (dolomite) in the Neva
limestone. The chlorite was present in the free state, as chlorite-
montmorillonite regular interlayer, and as chlorite-roontmorillonite
super-lattice regular interlayer. It is evident from the ex-
amples cited that an environment which was favorable for the for-
mation of dolomite was also favorable for the formation of chlorite.
There is a great probability that such an environment was marine.
The dolomite was probably not primary in origin, but deveolped
by alteration of other carbonates (mainly calcite and/or aragonite).
Three Interlayer clays were found in this investigation.
These included illite-montmorillonite random interlayer, chlorite-
montmorillonlte regular interlayer, and super-lattice chlorite-
montmorillonite regular interlayer. The author believes that the
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interlayer clays are an intermediate step toward the more stable
end-product clay, e.g., chlorite and illite. The montzuorillonite
part of an interlayer clay is somewhat unstable and tends to be
transformed toward the more stable end-products, illite and chlor-
ite. It is possible that the transformation of montnorillonite
to chlorite and illite is somewhat reversible, and under certain
environmental conditions the process could be reversed. Such a
reversal might be caused by leaching processes. A possible ill-
ustration of the reversal of the process of transformation of
montmorillonite to a more stable day may be shown in zones 11-A
(dolomite), 11-E (dolomite), and 11-D (dolomite).
Super-lattice chlorite-montr;orillonite regular interlayer
was found in four samples, three of which were fresh; e.g., 28-C
(shale), 2J4.-C (limestone), and 30-C (shale). Sample 21-B (dolomite)
from a slightly weathered zone contained super-lattice clay.
The fact that a major amount of the super-lattice clay which was
found was in unweathered zones may give evidence that the day
was altered upon weathering to chlorite-montmorillonite regular
interlayer and/or chlorite.
Carbonate Minerals . The alteration of dolomite has already
been considered in the discussion of the clay minerals. A more
thorough discussion is necessary, however, for a good understanding
of the effects of alteration upon the carbonate mineralogy.
It is probable that most of the carbonate minerals of the
Orenola limestone formation were deposited as calcite and arag-
onite. Much of the rock in the crenola has probably remained
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unchanged through the periods following the Permian* In other
cases the calcite was altered to dolomite, and the aragonite was
altered to calcite and/or dolomite.
Alteration of calcite to dolomite, and the aragonite to
calcite and/or dolomite probably took place early in the depos-
itional history of the rock. The environmental conditions for
such a process to take place was probably a marine condition in
which the water was highly saline, and rich in magnesium.
One may then askt why does a similiar zone vary in calcite
and dolonifce oontent from plaoe to place within a short horisontal
distance? The author believes that the salinity of the water in
the marine environment varies from plaoe to plaoe due to the
irregular shape of the sea bottom, and as the water retreated from
the land, small low areas became isolated basins, and the water
became more saline. The higher areas of the Irregular sea bottom
were not affected by the concentrated saline waters. The higher
areas were not high enough to be affected by subaerial weathering
in most oases. The dolomite probably tended to form in the more
saline environment. The spotted character of the dolomitisation
is well shown by variation in zones 9-A (shale), 9-B (shale),
9-C (shale), and 9-D (shale); 12-A (dolomite), 12-B (dolomite),
12-C (dolomite), and 12-D (limestone); 13-A (dolomite), 13-B (dol-
omite), 13-C (limestone), and 13-D (limestone); 20-A (limy shale),
20-E (limy shale), and 20-C (dolomitic shale); 25-A (shale), 25-B
(shale), and 25-C (shale); 26-A (limy shale), 26-B (dolomitic shale),
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and 26-C (limy shale); 30-A (thai©), 30-B (shale), and 30-C
(shale); 37-A (shale), and 37-B (shale); 38-A (shale), and 38-B
(shale); 39-A (shale), and 39-B (shale); fcl-A (soAle), and 1*1-B
( shale )
•
Origin of the "Honeycomb" zone
of the Neva Limestone
There are several different ways in wnioh the "honeycomb"
zone may have formed. Some of the possible origins are as follows:
(1) Groundwater solution; (2) mtrastratial solution; (3) Meta-
sonatic replacement; (Jj.) The effect of subaerlal weathering;
(5) Some combination of the above mentioned factors.
It is the author* s belief that the dolomite which makes up
the "honeycomb" zone was originally deposited as aragonite.
Some evidence that the zone was originally aragonlte is shown by
the abundance of celestite in the insoluble residue fraction from
the zone; §•«•, sample 11-A (dolomite), 11-B (dolomite), 11-c
(dolomite), and 11-D (dolomite). It is a known fact that stron-
tium is present in most aragonite (Noll, I93k$ PP» 507). Other
evidence that the zone was originally aragonite is shown by the
porosity of the zone. The zone is very porous and possibly shows
loss of volume. There would be a volume loss in the transforma-
tion of aragonite to dolomite. An environment favorable for the
change of aragonite to dolomite would be similiar to an envir-
onmental condition favorable for the change of oalclte to dolomite.
None of the other dolomite or dolomitio limestone show any evident
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porosity. Therefore the dolomitization of the "honeycomb" zone
must have occurred in a different way or at a different time.
The sequence of events for the "honeycomb" zone must have
been as follows: (1) Deposition; (2) Exposure to subaerial
weathering; (3) Submergence and dolomitization. The evidence that
short periods of exposure to subaerial weathering was not un-
common is shown by the occurrence of marine red shales in tne
Permian rocks of the area, both above and below the CJrenola for-
mation.
Mm curosity may be aroused when the origin of the "clay
coating" and "clay seam" zones within the "honeycomb" zone is
considered. The "clay coating" was nearly pure n.ontmorillonite,
and was found in abundance in samples 11-A (dolomite), 11-B (dol-
omite), and 11-D (dolomite). The "clay seam" zone at location
11-C (dolomite), which probably corresponded to the "clay coating"
zone at the other tnree locations, was nearly pure illite. The
difference in the day mineral types in samples 11-A, 11-B, 11-D,
as corpared to 11-c, may possibly be explained by variability in
the depth of burial.
The "clay coating" and "clay seam" zones were probably de-
posited originally as illite. At the present time the zone has
been subjected to near surface weathering at locations 11-A, 11-B,
and 11-D. Zone 11-c, until late in 1958, was under nearly 100
feet of overburden, and was not affected by the surface weathering
process to any extent. Subjection to near surface weathering
effects probably caused leaching of the potash from the illite
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clay present at locations 11-A (dolomite), 11-B (dolomite), and
11-P (dolomite). The leaching in these zones of the potassium
from the illite probably resulted in the formation of the roont-
raorillonite, with eoatings being formed around dolomite grains.
The illite at location 11-C (dolomite) has not been subjected to
leaching, and has remained nearly unchanged from the form which
it had at the time of deposition.
Factors Pertaining to the Origin of the
Neva Limestone and Salem Point Shale Which Kay Be
Concluded Prom the Heavy and Light Mineral Analysis
Heavy Minerals . Emphasis has already been placed upon the
Importance of celeatite in regard to the origin of the rock units
containing the mineral. The strontium which is present in the
celestite probably originated in aragonite which has been altered
after deposition to calcite and/or dolomite. This slteration of
aragonite sets strontium free to unite chemically with any sulfate
present to form celestite.
A reciprocal relationship seems to exist between the amount
of celestite and the amount of chlorite and dolomite. The "honey-
comb" sone and 12-C (dolomite) were exceptions. It is known that
strontium, calcium, and magnesium are in the same chemical group.
However, the strontium is more closely related to calcium than
magnesium in chemical properties. It is assumed that calcite
would thus be found more commonly with strontium than dolomite.
There are two possible reasons why there was more pyrlte
in the Salem Point shale than in the Neva limestone. It is
69
possible that the pyrite was leached out of the Hera by pene-
trating water from the surface early in the geologic history of
the rock, and concentrated in the Salem Point shale. Such a pro-
cess probably occurred while the unit was under marine waters.
It is also possible that the pyrite formed by reaction between
the sulphur of decaying organic material and iron which was en-
closed in the sediments.
The latter explanation for the origin of pyrite is probably
the most reasonable. The basis of the assumption that the en-
vironmental conditions were favorable for the formation of pyrite
may be shown by the presence of darker colored shales near the
base of the Neva limestone, and into the salem Point shale.
Light Minerals
. Much of the silica in the limestone was
chalcedony. The mineral was probably secondary in origin and
possibly resulted partially from water percolating through the
rock which contained colloidal silica. This process was probably
much more active in the early geological history of the rock than
at the present time. There is also a possibility that some of
the silica which was necessary for the formation of chalcedony
may have originated from ash falls simultaneous with deposition.
Another possible origin of the silica necessary for the formation
of chalcedony could be from silica bearing marine organisms which
were present in the environment at the time of deposition; e.g.,
sponge spicules and radiolarians.
Volcanic ash shards were found in some of the samples of
the Neva limestone and Salem Point shale, but not all the samples
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contained the ash* Most of the samples waicn contained abun-
dant volcanic ash also contained abundant chalcedony; e.g.,
samples 2-C (limestone), 2-D (limestone), 6-B (limestone), 6-c
(limestone), 6-D (limestone), 7-D (limestone), 8-B (limestone),
8-C (limestone), 13-C (limestone), I4-B (dolomite), and llj.-D
{dolomite). However, the samples which contained abundant chal-
cedony did not necessarily show an abundance of asn. It is
possible that some of the ash may have been absorbed in aqueous
solutions as a silica gal and redeposited as chalcedony, or used
by marine organisms. The larger volcanic ash shards were pro-
bably not transformed to chalcedony as readily as the smaller ones.
The volcanic ash, if present, may have also been altered to
montr^orillonite. The amount of nontrcorlllonite was so small, how-
ever, that it was not recognized on X-ray in the samples containing
ash. The montmorillonite, on the other hand, which developed frosi
the volcanic ash may have again been altered to the interlayer
clays. No change in the clay minerals was observed in samples
which contained ash as oompared to those which did not contain
ash,
SWKARY AND CONCLUSIONS
The following observations and conclusions were made frcsi
the analytical data obtained.
There seemed to be a correlation between the iron content,
the crystallinity of the clay, and the degree of weathering to
which the rock was subjected. There was more iron rich, poorly
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crystalline chlorite In weathered rock than In unweathered rock.
A good example of this phenomena is shown in 2fc-A
(dolomite), 2^-B
(dolomite), and tfc-C (dolomite); 25-A (shale), 2$-B (shale), and
25-C (shale); 26-A (limy shale), 26-B (dolomitic shale), and 26-C
[UMJ dolomite). In all tne examples cited the chlorite at lo-
cation A and location B was iron rich, poorly crystalline, and
the samples from location C contained iron free, well crystalline
chlorite. The A and B locations were sligntly weathered while the
C location was relatively unweathered,
Super-lattice chlorite-montaorillonite regular interlayer
clay was found predominately in fresh samples; e.g., 28-C (snale),
29-C (limestone), and 30-C (shale). Sample 21-B (dolomite) from
a slightly weathered zone contained super-lattice clay. This data
gives sore indication that the super-lattice chlorite-montiror-
illonite was altered upon weathering to chlorite-montmorillonite
regular interlayer and/or chlorite.
voce correlation was found between the abundance of chlorite
and dolomite. Where there was an abundance of dolomite, there
was also an abundance of chlorite and/or chlorite-montruorillonite
interlayer; e.g., 2-6 (shale), 9-D (shale), U-C (dolomite), 12-A
(dolomite), 12-B (dolomite), 12-C (dolomite), 13-A (dolomite),
and 20-C (shaly dolomite) in the Neva limestone. This factor
may indicate that the environment favorable for the oripin of the
two minerals was one rich in magnesium.
There was some correlation between the amount of inaoluble
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residue and the amount of chlorite. The rooks which contained
the higher insoluble residue also contained • larger amount of
chlorite. A good example of this is shown in samples li^-A
(dolomite), II4.-B (dolomite), ll\.-C (dolomite), and II4.-D (dolomite).
A reciprocal relationship seemed to exist between the amount
of celestite and the amount of chlorite and dolomite. The "honey-
comb n zone and sample 12-C (dolomite) were exceptions. These two
zones contained abundant celestite, and also contained abundant
dolomite. It is known that strontium, calcium, and magnesium
are in the same chemical group. However, strontium is much more
closely related to calcium in chemical properties. It may thus
be assumed that celestite would be found more commonly with cal-
cite than with dolomite.
It is probable that the origin of the "honeycomb" zone, which
is largely dolomite, is different from the origin of other dolo-
mites. The suggested history of this zone is: (1) Probable
deposition of arasronite. (2) Exposure to aubaerial weathering.
(3) Submergence and then dolomitization.
The final significant factor which was concluded from the
investigation was the oricin of the "clay coatings" and "clay
seam" zones within the "noneycomb" zone. The author believes that
the clay found at the four locations was deposited originally as
illite. Due to recent near surface weathering tne potassium ion
was leached out of the Illite In zones 11-A (dolomite), 11-B
(dolomite) and 11-D (dolomite), and montmorillonite wnich coated
dolomite grains was formed. The illite in zone 11-c (dolomite)
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was under nearly 100 feet of overburden until late in 1958,
*nd
therefore the zone has not been subjected to near surface leaching
effects, and the illite remains unaltered.
Ik
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The purpose of this investigation was to determine the
carbonate and non-carbonate mineralogy of the Grenola limestone
formation in the Manhattan, Kansas, area. An investigation was
made of the effect of weathering on the clay mineralogy of the
Grenola
•
The methods employed in this study included X-ray diffraction,
petrographic analysis, binocular microscope study, and insoluble
residue analysis. Identification of clay minerals and carbonates
was accomplished mainly by X-ray diffraction. The minerals other
than carbonates and clays ware studied by petrographic means.
From this investigation the following observations were made:
1. Illite was by far the most abundant clay mineral in
the rocks of the orenola limestone formation.
2. The chlorite in unweathered zones generally had better
crystallinity and less iron than chlorite in tne same
zones now near the surface.
3. The largest amount of montmorillonite was found in the
"honeycomb" zone of the Neva limestone, and was present
as "day coatings" around dolomite grains. The "clay
coatings" were found in three sample locations. The
fourth looation, which was unweathered, contained a "clay
sesm" of illite in the "honeycomb" zone instead of mont-
morillonite like that found at other locations.
l^.. super-lattice chlorite-montmorillonite regular interlayer
clay was more abundant in unweathered samples than in
weathered samples.
5. celestlte was the most abundant heavy mineral in the Neva
limestone.
6* pyrite was the most abundant heavy nineral in toe Salem
Point shale.
7. Quarts and chalcedony were the most abundant of the
light minerals found in both the Neva limestone and the
Salem Point shale.
8. Where there was a large amount of dolomite in a sample
there was generally a large amount of chlorite.
9* There seemed to be a reciprocal relationship between the
amount of celestite and the amount of dolomite and chlo-
rite in the Grenola limestone formation. An exception
to this was the "honeycomb" zone and the sone directly
below the "honeycomb" zone in the Neva limestone.
10. The "honeycomb" zone of the Neva limestone was nearly
pure dolomite, and was very porous in all the sample lo-
cations.
